Molecular simulation study of the influence of small molecules on the dynamic and structural properties of phospholipid bilayers.
Molecular simulations were performed for phospholipid bilayers as model cell membranes to understand their dynamic and structural properties, in particular how those are affected in the presence of the cell-preservation agents trehalose and DMSO. Simulations covered a large range of temperatures and concentrations of trehalose and DMSO. A number of properties were examined, including the area per head group, lipid-tail order parameter, density profile, conformation, and binding of trehalose. Our results indicate that trehalose specifically interacts with the phospholipid bilayer by binding to the polar head groups (H-bonds). This binding serves as a bridge between the lipids and prevents their aggregation. The hydrophilic nature of trehalose also makes it a water substitute when binding to the phospholipids. At high trehalose concentrations, trehalose forms a glassy matrix and preserves the bilayer structure by 'freezing' it in its natured state, as the core of the bilayer is found to remain fluid. Simulations with DMSO revealed that DMSO can penetrate and freely diffuse through the bilayer, which is attributed to its unique characteristic of interacting favorably with both hydrophilic and hydrophobic domains.